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3$�Z�� M RYBbR {B8}Z��I ��RZj�R sP��� Bt� ��%BjZ�$Bt BP �Y� {Bt� ZR$t� wsD s �Y$�ITB�I�� Z}b$tI

s}}�B-$8s�$Bt stI wAD s PBZ��YTB�I�� {B8}s{� s}}�B-$8s�$Bt �B �Y� P$�R� I��$%s�$%�R Bt s n1 - n1 ��$I b$�Y

Zt$PB�8 R}s{$t�� qY$R ��$I I�P$t�R �Y� RYs}� BP �Y� {Bt� b$�Y s 8s-$8Z8 BP M }B$t�R $t �s{Y {BB�I$ts��

I$��{�$Bt� qY� �-s{� RYs}� BP �Y� {Bt� $R $t{jZI�I �B �Y� �$�Y� BP �Y� {B8}Z��I RBjZ�$Bt s� -� k ) (�x� ( PB�

{B8}s�$RBt }Z�}BR�R� qY� �Y$�ITB�I�� RBjZ�$Bt w3$� MsD RYBbR �Ys� �Y� RYs�} }B$t� BP �Y� {Bt� $R ���s�jk

I$PPZR�I stI �Ys� I$R}��R$Bt ���B�R s�� �%$I�t� ��s$j$t� �Y� {Bt�� V ��$I BP d1M - d1M wB� n1 }B$t�R I�P$t$t�

�Y� RYs}� BP �Y� {Bt�D 8ZR� A� ZR�I b$�Y �Y� �Y$�ITB�I�� Z}b$tI s}}�B-$8s�$Bt A�PB�� �Y� RYs}� BP �Y�

{Bt� $R Ps$�YPZjjk ��}�BIZ{�I� qY� PBZ��YTB�I�� {B8}s{� RBjZ�$Bt w3$� MAD RYBbR �Ys� �Y� RYs}� BP �Y� {Bt�

$R tB� I$R�B���I sR $� $R {Bt%�{��I s�BZtI �Y� {$�{j� Bt �Y� n1 - n1 ��$I� ytI��I� �Y� Btjk tB�${�sAj� ���B� $R

s %��k R8sjj “��$I �B ��$I” BR{$jjs�$Bt IZ� �B �Y� sAR�t{� BP }YkR${sj %$R{BR$�k $t �Y$R }�BAj�8 stI tZ8��${sj

%$R{BR$�k $t �Y� {B8}s{� R{Y�8��

3$�Z�� � RYBbR ��RZj�R PB� �Y� Rs8� }�BAj�8 sP��� Bt� ��%BjZ�$Bt BA�s$t�I Ak !�R9s� >dMH ZR$t� wsD R�{T

BtITB�I�� V�s,sbs P$t$��TI$PP���t{�� wAD PBZ��YTB�I�� V�s,sbs P$t$��TI$PP���t{�� stI w{D s R}�{��sj s}}�B-$T

8s�$Bt �B �Y� P$�R� I��$%s�$%�R Bt s n1 - n1 ��$I� qY� P$t$�� I$PP���t{� RBjZ�$BtR RYBb ���B�R R$8$js� �B �Y�
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�Y$�ITB�I�� RBjZ�$BtR $t 3$�� M� qY� R}�{��sj 8��YBI� bY${Y }�B%$I�R �-s{� I$PP���t�$s�$Bt PB� sjj bs%�tZ8T

A��R ��}��R�t�sAj� Bt �Y� n1 - n1 ��$I� {Bt%�{�R �Y� {Bt� b$�YBZ� I$R�B��$t� $�R RYs}�� qYZR� �Y� RBjZ�$Bt

ZR$t� �Y� {B8}s{� R{Y�8� $R {jBR�� �B �Y� R}�{��sj RBjZ�$Bt �Yst �Y� RBjZ�$BtR BA�s$t�I b$�Y {Bt%�t�$Btsj

P$t$�� I$PP���t{� R{Y�8�R� qY� Y$�Y�� s{{Z�s{k stI ��RBjZ�$Bt {Ys�s{���$R�${R s�� s{Y$�%�I Ak �Y� $8}j${$�

���s�8�t� BP �Y� I��$%s�$%�� e%�t �YBZ�Y �Y� R��t{$j R$9� BP �Y� {B8}s{� R{Y�8� $R P$t$��� �Y� $8}j${$� ���s�T

8�t� BP �Y� I��$%s�$%�R 8s,�R �Y� R{Y�8� �jBAsj 8Z{Y j$,� �Ys� BP R}�{��sj 8��YBIR�

;�n� eZj��\Ws%$��T7�B,�R eJZs�$BtR� yt �Y� }��%$BZR R�{�$BtR� �Y� �PP�{� BP tZ8��${sj s}}�B-$8sT

�$Bt Bt �Y� s{{Z�s{k BP �Y� {Bt%�{�$Bt ���8R bsR IB{Z8�t��I� yt �Y$R R�{�$Bt� �Y� s{{Z�s{k BP �Y� �tPB�{�T

8�t� BP �Y� {Bt�$tZ$�k �JZs�$Bt �Y�BZ�Y �Y� RBjZ�$Bt BP �Y� _B$RRBt �JZs�$Bt PB� }��RRZ�� $R IB{Z8�t��I Ak

RBj%$t� �Y� 1T* eZj��\Ws%$��T7�B,�R �JZs�$BtR� 7$t{� �Y� Ws%$��T7�B,�R �JZs�$BtR {Bt�s$t %$R{BZR ���8R�

�Y� tZ8��${sj s}}�B-$8s�$Bt �B �Y� R�{BtI I��$%s�$%� $R sjRB ��R��I� qY� ��R� }�BAj�8R {YBR�t PB� %sj$IsT

�$Bt {Bt�s$t 8stk P�s�Z��R BP �Y� nT* `��R bY${Y s�� R$8Zjs��I $t �Y� {Z���t� R�ZIk� yt �Y$R ��R}�{�� �Y�

��R� }�BAj�8R s�� tB� 8���jk s{sI�8${ �-��{$R�R� qY��� A�t{Y8s�, }�BAj�8R s�� RBj%�I� w$D s ��8}B�sjjkT

I�%�jB}$t� }jst� 8$-$t� jsk�� w1T* 7�Zs��R }�BAj�8D� stI w$$D 1T* %$R{BZR bs%� I�{sk� _�BAj�8R w$D stI

w$$D Ys%� �-s{� RBjZ�$BtR�

;�n�d� q�8}B�sjjkT*�%�jB}$t� _jst� �$-$t� Nsk��� e-s{� RBjZ�$BtR �B �Y� eZj�� B� Ws%$��T

7�B,�R �JZs�$BtR PB� ��t��sj PjBbR IB tB� �-$R� IZ� �B �Y� tBtTj$t�s�$�k BP �Y� {Bt%�{�$Bt ���8R� <Bb�%���

ZtI�� R}�{$sj {BtI$�$BtR �-s{� RBjZ�$BtR 8sk A� PBZtI� Vt �-s{� RBjZ�$Bt PB� �Y� ��8}B�sjjkTI�%�jB}$t�

8$-$t� jsk�� bsR P$�R� }ZAj$RY�I Ak 7�Zs�� >d�H� qY� $t$�$sj {BtI$�$BtR PB� �Y� 1T* 7�Zs��R }�BAj�8 {B���T

R}BtI �B s R��sIk Yk}��ABj${ �st��t� PZt{�$Bt PB� �Y� R���s8b$R� %�jB{$�k {B8}Bt�t� b$�Y s }��$BI${ s��sk

BP %B���- {B��R $t �Y� 8$-$t� ���$Bt bY${Y {sZR� �Y� RBjZ�$Bt �B %s�k $t �$8�� qY� bs%�j�t��Y BP �Y� I$R�Z�T

Ast{� {B���R}BtIR �B �Y� t�Z��sj 8BI� RZ{Y �Ys� �Y� I$R�Z�Ast{� $R {Bt%�{��I $t �Y� R���s8b$R� I$��{�$Bt

b$�Y tB {Yst�� $t s8}j$�ZI�� qY� �-s{� RBjZ�$Bt PB� �Y� R���s8b$R� %�jB{$�k {B8}Bt�t�� Z� stI �Y� ��stRT

%��R� %�jB{$�k {B8}Bt�t�� % $R �$%�t AkU

w;;D

bY��� $R s }s�s8���� bY${Y {Bt��BjR �Y� R���t��Y BP �Y� }���Z�As�$Bt stI { $R �Y� {Bt%�{T

�$%� R}��I BP �Y� 8$-$t� jsk��� qY� PjBb $R }��$BI${ $t �Y� R���s8b$R� I$��{�$Bt b$�Y j�t��Y� U
?
) �

� qY� PjBb $R $tP$t$�� $t �Y� ��stR%��R� I$��{�$Bt AZ� $t �Y$R R�ZIk $R ��Zt{s��I s� s P$t$�� I$RT

�st{�� � RZ{Y �Ys� s 9��BT��s{�$Bt P���R���s8 ABZtIs�k {BtI$�$Bt $R b�jj s}}�B-$8s��I� q�R�R

bY${Y %s�k �Y� ��stR%��R� IB8s$t Y�$�Y�� 1U
r
� RYBb �Ys� U

r
) d( $R RZPP${$�t�jk js��� �B $8}j�8�t� �Y$R

ABZtIs�k {BtI$�$Bt� qY� �-s{� RBjZ�$Bt $R RYBbt $t 3$�� d(s b$�Y }s�s8����R� � ) d� \ ) d\1� V Zt$PB�8�

{s���R$st ��$I $R ZR�I PB� �Y� R$8Zjs�$BtR $t �Y$R R�{�$Bt� =tj�RR B�Y��b$R� R}�{$P$�I� �Y� �Y$�ITB�I�� i�

R{Y�8� $R ZR�I PB� �$8� sI%st{�8�t� stI �$8� R��}R s�� RZPP${$�t�jk R8sjj RB �Ys� R}s�$sj ���B�R s�� IB8$T

tst��
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g r( )sinh
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3$�Z�� d(A RYBbR �Y� tZ8��${sj RBjZ�$Bt s� w��t PjBb �Y�BZ�Y �$8�RD Bt s ��js�$%�jk {Bs�R�

��$I BP dn wR���s8b$R�D - ;d w��stR%��R�D ZR$t� �Y� PBZ��YTB�I�� {B8}s{� s}}�B-$8s�$Bt BP {Bt%�{�$Bt

���8R stI }��RRZ��� qY� RBjZ�$Bt BP }��RRZ�� $t%Bj%�R �Y� {B8}Z�s�$Bt BP �Y� RBZ�{� ���8 stI �Y� I$R{���$T

9s�$Bt BP �Y� Ns}js{$st B}��s�B� $t eJ� wnnD� yt sII$�$Bt� Bt{� �Y� _B$RRBt �JZs�$Bt $R RBj%�I PB� }��RRZ���

�Y� ��sI$�t� BP }��RRZ�� $R {B8}Z��I bY${Y $R ��JZ$��I �B sI%st{� �Y� 8B8�t�Z8 �JZs�$Bt $t �$8�� qY���T

PB��� �Y� }Y�sR� “PBZ��YTB�I�� RBjZ�$Bt BP }��RRZ��” {B���R}BtIR �B �Y� RBZ�{� stI }��RRZ�� ��sI$�t� ���8R

{B8}Z��I b$�Y �Y� {B8}s{� P$�R� I��$%s�$%� R{Y�8� BZ�j$t�I $t 7�{�$Bt 1�n�d bY$j� �Y� Ns}js{$st B}��s�B� $R

I$R{���$9�I ZR$t� �Y� {B8}s{� R�{BtI I��$%s�$%� R{Y�8� BZ�j$t�I $t 7�{�$Bt 1�n�1�

e%�t �YBZ�Y �Y� ��$I $R ��js�$%�jk {Bs�R� wdn R���s8b$R� }B$t�R }�� bs%�j�t��Y stI �BZ�Yjk M }B$t�R $t

�Y� 8$-$t� ���$Bt s� D� �Y��� $R j$��j� I$R{��t$Aj� I$PP���t{� A��b��t �Y� �-s{� stI tZ8��${sj RBjZ�$BtR

sP��� ��t PjBb �Y�BZ�Y �$8�R� y� $R $8}B��st� �B {Y�{, �Y� {Bt%����t{� BP �Y� ���B� sR �Y� ��$I $R ��P$t�I �B

�-}BR� stk {BI$t� ���B�R� �B I�8BtR��s�� �Ys� �Y� B�I�� BP ���B� {Bt%����t{� R��t $t }�s{�${sj {B8}Z�sT

�$BtR $R �Ys� }��I${��I Ak s qskjB� R��$�R stsjkR$R� stI �B �s$t {BtP$I�t{� $t �Y� tZ8��${sj PB�8Zjs�$Bt�

qsAj�R d( stI dd �$%� s JZst�$�s�$%� 8�sRZ�� BP �Y� N1 stI 8s-$8Z8 ���B�R $t �Y� %�jB{$�k {B8}Bt�t�R s�

� ) (�d ZR$t� �Y� PBZ��YT stI R$-�YTB�I�� {B8}s{� s}}�B-$8s�$BtR �B �Y� {Bt%�{�$Bt ���8R stI RBjZ�$Bt BP

}��RRZ��� ��R}�{�$%�jk� 7BjZ�$Bt ���B�R P�B8 �Y��� ��$IR s�� RYBbt bY��� �Y� ��$I R}s{$t� $t �Y� - stI k

I$��{�$BtR $R Ysj%�I P�B8 {Bs�R�R� �B P$t�R� ��$I� qY� ��RZj�R RYBb �Ys� �Y� N1 stI 8s-$8Z8 ���B�R {BtT

%���� s� �BZ�Yjk �Y� �s�� }��I${��I Ak s qskjB� R��$�R stsjkR$R sR �Y� ��$I $R ��P$t�I� qY� B�I��� W� $R {B8T

}Z��I ZR$t� �Y� RBjZ�$Bt ���B� P�B8 �Y��� ��$IR BP R}s{$t�� Y� 1Y� stI ;YU

w;xD

bY��� s�� �Y� ���B�R Bt �Y� _� 1_�stI ;_ ��$IR� ��R}�{�$%�jk� yt ZR$t� eJ� w;xD $� $R sRRZ8�I

�Ys� �Y� RBjZ�$Bt $R PZjjk ��RBj%�I Bt sjj �Y��� ��$IR stI �Ys� �Y� j�sI$t� ��Zt{s�$Bt ���B� ���8 $R IB8$tst�

w*�8Z��t stI G$jRBt >1(HD�

qB sII��RR �Y� �PP�{� BP {B8}Z�$t� �Y� }��RRZ�� b$�Y s jBb��TB�I�� PB�8Zjs�$Bt� �Y� 1T* 7�Zs��R }�BAT

j�8 bsR RBj%�I ZR$t� R�{BtITB�I�� {�t��sj� PBZ��YTB�I�� {B8}s{� stI R$-�YTB�I�� {B8}s{� s}}�B-$8s�$Bt BP

�Y� {Bt%�{�$Bt ���8R AZ� s R�{BtITB�I�� {�t��sj I$PP���t{� RBjZ�$Bt BP �Y� }��RRZ��� qY� ��RZj�R BP �Y� �Y���

{B8}Z�s�$BtR s�� RYBbt $t qsAj� d1� qY�R� ��RZj�R RYBb �Ys� �Y� jBb��TB�I�� RBjZ�$Bt BP }��RRZ�� ��RZj�R $t

�Y� B%��sjj {Bt%����t{� BP �Y� ���B� A�$t� R�{BtITB�I��� �%�t $P �Y� {Bt%�{�$Bt ���8R ��{�$%� s Y$�Y��TB�I��

���s�8�t�� Vjj ���8R 8ZR� A� I$R{���$9�I ZR$t� Y$�Y��TB�I�� s}}�B-$8s�$BtR �B s{Y$�%� Y$�Y��TB�I�� ���B�

qsAj� d(� 7BjZ�$Bt ���B�R PB� 1T* 7�Zs��R _�BAj�8 s� � ) (�d ZR$t� PBZ��YTB�I�� {B8}s{� s}}�B-$8s�$Bt PB�
{Bt%�{�$Bt ���8R stI RBjZ�$Bt BP }��RRZ���

p�$I wt$ - t`D �s- = e��B� �s- z e��B� N1 WB�8 = N1 WB�8 z

dn - ;d (�dM - d(T1 (�1d - d(T1 (�dM - d(Tn (�1; - d(Tn
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{Bt%����t{� �s��R� qYZR� PB�8Zjs�$BtR }��R�t��I $t �Y� j$���s�Z��� RZ{Y sR Ak Ws``s� stI qsP�$ >1dH� bY${Y

ZR� Y$�Y��TB�I�� I$PP���t{�R PB� �Y� {Bt%�{�$Bt stI I$PPZR$Bt ���8R AZ� R�{BtITB�I�� I$PP���t{�R PB� �Y� _B$RT

RBt �JZs�$Bt PB� }��RRZ�� bBZjI Btjk A� �jBAsjjk R�{BtITB�I�� s{{Z�s���

�qY� RBjZ�$Bt BP �Y� 1T* 7�Zs��R }�BAj�8 %sj$Is��R �Y� tZ8��${sj PB�8Zjs�$Bt PB� �Y� �tPB�{�8�t� BP

�Y� {Bt�$tZ$�k �JZs�$Bt stI �Y� RBjZ�$Bt BP �Y� _B$RRBt �JZs�$Bt PB� }��RRZ��� yt sII$�$Bt� $� YsR A��t

RYBbt �Ys� �Y� 9��BT��s{�$Bt P���R���s8 ABZtIs�k {BtI$�$Bt PB� RY�s� PjBbR $R s %sj$I s}}�B-$8s�$Bt }�BT

%$I�I �Ys� �Y� P���R���s8 ABZtIs�k $R jB{s��I s RZPP${$�t�jk Ps� I$R�st{� P�B8 �Y� 8$-$t� ���$Bt�

q�8}B�sj s{{Z�s{k BP �Y� B%��sjj i� R{Y�8�R bsR {BtP$�8�I Ak }��PB�8$t� {B8}Z�s�$BtR PB� �Y� 1T*

7�Zs��R }�BAj�8 Bt �Y� ;� Ak dEd ��$I stI st �%�t P$t�� �� Ak dEd ��$I� b$�Y R�%��sj I$PP���t� �$8� R��}R�

qY� js���R� �$8� R��} $t �s{Y {sR� bsR {YBR�t P�B8 R�sA$j$�k {BtR$I��s�$BtR� qY� ��RZj�R s�� RYBbt $t

qsAj�R dn T dx� yt qsAj�R dn stI d;� �Y� %�jB{$�k P$�jI $R R}�{$P$�I P�B8 �Y� �-s{� RBjZ�$Bt stI �Y� %B��${$�k

$R {B8}Z��I sR s }sRR$%� R{sjs�� ZR$t� �Y� R$-�YTB�I�� {B8}s{� R{Y�8�� yt �s{Y {sR�� �Y� ���B� RYBbt {BtT

�s$tR AB�Y ��8}B�sj stI R}s�$sj I$R{���$9s�$Bt ���B�R� VR �Y� �$8� R��} $R ��IZ{�I �B %��k R8sjj %sjZ�R �Y�

js���� A�{B8� IB8$tst� stI ���B� ��IZ{�$Bt R�s�ts�� sR R��t $t {BjZ8t x BP qsAj� dn� !t �Y$R ��$I� �Y�

R}s�$sj I$R{���$9s�$Bt ���B� {st A� �R�$8s��I �B A� sABZ� (�E - d(TE� !t �Y� �� Ak dEd ��$I� �Y� R}s�$sj I$RT

{���$9s�$Bt ���B� RYBZjI ��IZ{� Ak sABZ� 1E B� E;� �B �BZ�Yjk (�� - d(T�� ]BjZ8t x BP qsAj� d; IB�R RYBb

R�s�ts�$Bt s� sABZ� �Y$R %sjZ�� bY${Y {BtP$�8R �Y� stsjkR$R� eJZs�$Bt w;xD �tsAj�R R�}s�s�$Bt BP ��8}B�sj

stI R}s�$sj I$R{���$9s�$Bt ���B�R Ak {B8}s�$RBt BP {B8}Z��I ��RZj�R P�B8 �Y��� �$8� R��}R Bt �Y� Rs8� ��$I�
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